Amlodipine (AMLO; [fig. 1a](#F1){ref-type="fig"}), a well established third generation dihydropyridine calcium channel blocker (CCB), is commonly used as an antihypertensive\[[@ref1]\]. It acts by decreasing total peripheral resistance and by relaxing the smooth muscle in the arterial wall, therefore, reducing elevated blood pressure\[[@ref2][@ref3]\]. Atorvastatin (ATOR, [fig. 1b](#F1){ref-type="fig"}), a synthetic lipid-lowering agent and an inhibitor of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase\[[@ref3]\], is used for lowering blood cholesterol. Antihypertensive and lipid-lowering medications substantially reduce the risk of stroke, CAD, and death in patients with cardiovascular risk factors\[[@ref4][@ref5]\].

![Chemical structures of analytes.\
Chemical structure of amlodipine (a), atorvastatin (b), and codeine (c).](IJPhS-77-742-g001){#F1}

The patients with hypertension are having higher coincidence of suffering with comorbid disease state like diabetes and dyslipidaemia\[[@ref6][@ref7][@ref8]\]. Therefore, the combination of these two drugs is very common to reduce the high risk of morbidity in cardiovascular diseases. The combination of amlodipine and atorvastatin in single tablet has been shown to be cost effective compared to two-tablet therapy\[[@ref9][@ref10]\].

Validated assays methods have been reported for each drug either individually or in combination with other drugs. Various methods including gas chromatography (GC)\[[@ref11]\], high-performance liquid chromatography (HPLC)\[[@ref12][@ref13][@ref14][@ref15]\], high-performance thin layer chromatography (HPTLC)\[[@ref16]\], on-line coupled isotachophoresis--capillary zone electrophoresis separation method with diode array detection\[[@ref17]\], enzyme-linked immune-sorbent assay\[[@ref18]\], flow injection analysis\[[@ref19]\], capillary electrophoresis\[[@ref20]\], voltammetry\[[@ref21]\] and liquid chromatography coupled with tandem mass spectrometry\[[@ref22][@ref23][@ref24]\] have been used for the determination of AMLO in biological fluids and in pharmaceutical preparations.

ATOR has been determined alone in plasma and formulation by different methods involving and HPTLC\[[@ref25]\], GC/MS and liquid chromatography electro-spray ionization (LC--ESI-MS)\[[@ref26]\] HPLC-UV detection\[[@ref27]\].

ATOR and AMLO have been quantified simultaneously in pharmaceutical preparation and in biological fluid using HPTLC\[[@ref28]\], HPLC\[[@ref29]\] and LC-MS/MS\[[@ref30][@ref31][@ref32]\]. The HPLC method is utilized to estimate the combination of AMLO and ATOR in pharmaceutical preparations only. The LC-MS/MS methods were used for simultaneous quantitation of AMLO, ATOR and ortho- and para- hydroxy metabolite of ATOR in human plasma. The HPLC-UV method reported by Shah *et al*. has shown the elution of AMLO below 5.0 min (3.2 min) using pharmaceutical preparation as matrix\[[@ref29]\].

The simultaneous estimation of AMLO and ATOR in biological fluid have been determined in human plasma by LC-MS/MS methods, which is considered to be costly, time consuming and complex as compare to HPLC-UV methods. On the contrary, the protein precipitation procedure employed here is rapid, simple and economical as compared to multiple steps sample processing procedures, like liquid--liquid or solid phase extraction.

To the best of our knowledge, the available literature deal only in costly LC-MS/MS method for the simultaneous determination of both the drugs in human plasma and no HPLC-UV method was available to quantify the combination in biological fluids. Hence, it was thought worth to establish a noble analytical HPLC-UV method for simultaneous determination of AMLO and ATOR in biological fluids. This study intended to develop and validate a new HPLC-UV method for simultaneous determination of AMLO and ATOR in rat plasma by liquid chromatography coupled with UV spectroscopy as per USFDA\'s\[[@ref33]\] and EMEA'S\[[@ref34]\] bioanalytical guidelines. Subsequently, the validated method was applied to nonclinical pharmacokinetic study.

MATERIALS AND METHODS {#sec1-1}
=====================

All solvents used for mobile phase were of HPLC grade, dosage formulations were purchased from the local pharmacy.

A high-performance liquid chromatographic system (Jasco, Kyoto, Japan) composed of a PU-2089 plus Quaternary pump solvent delivery module, a manual rheodyne injector with a 20 µl fixed loop and a UV-2075 intelligent UV/Vis detector. For statistical calculations in bioanalytical method validation Graphpad PRISM^®^ version 5.1 for Windows, (Graphpad software Inc., California, USA) software was used.

Chromatographic condition: {#sec2-1}
--------------------------

The chromatographic conditions were optimized by different means (using different columns, different buffers and different organic phases). Early chromatographic work was performed with different brands of C~8~ and C~18~ columns as stationary phase and various combinations of buffer phase with pH in the range of 2.5 to 4.5, organic phases (acetonitrile, ACN and/or methanol), stepwise. The flow rate of mobile phase was varied within 1.0\~1.5 ml/min. Wavelength for monitoring the eluent was selected by scanning standard solution of drugs within 200 to 400 nm using double beam UV/Vis spectrophotometer (Jasco UV V630, Japan).

In order to achieve an optimum separation, effect of varying concentrations of buffer agent on different peak parameters, were evaluated *viz.* mobile phase dibasic phosphate buffer (pH 2.5 to 4.0) in range 5-35 mM concentration with ACN at 1.0 ml/min flow rate in buffer to organic ratio 60:40 to 30:30.

Moreover, the effects of different levels of all these factors were systematically addressed on system suitability parameters such as %RSD of peak area, retention time, capacity factor, asymmetry, resolution and peak width.

All noted measurements were performed with an injection volume of 20 μl and UV detection at 232 nm of samples dissolved in a diluent consist of buffer phase and organic phase in the ratio of 2:3, respectively. During development of bioanalytical procedure, diluent was changed accordingly.

Preparation of standard and resolution solution: {#sec2-2}
------------------------------------------------

Diluted standard solutions of each analyte representing 10 µg/ml concentration were prepared with diluent. Codeine (CODN, [fig. 1c](#F1){ref-type="fig"}) was used as internal standard (IS) for AMLO and ATOR. Resolution solution containing 10 µg/ml each of AMLO and ATOR and 5.0 µg/ml of CODN was prepared from respective stock solutions.

For optimization purposes, 20 µl of resolution solution was injected in to chromatograph and system suitability parameters *viz.* %RSD of peak area for six injections of all analytes, %RSD of retention time for six injections of all analytes, peak asymmetry factor at 10% peak height and resolution were studied.

Sample preparation and extraction: {#sec2-3}
----------------------------------

The protein precipitation was the preferred choice of separation because of the minimized steps in extraction of drug from matrix. The method was attempted using 10% trichloroacetic acid (TCA) and ACN and combination thereof. It was carried out by and 1 part of plasma, 0.1 part drug and 0.05 parts of IS Diluted standard solution containing all analytes (15 µl) was added to 150 µl of plasma previously spiked with internal standards in a 1.5 ml capacity micro-centrifuge tube. The blend was subjected to vortex for about 3 min. The mixture was allowed to stabilize for two min then 100 µl of cold aqueous 10% (w/v) TCA was added and subjected to vortex for two minute. Analytes were slightly soluble in aqueous environment, therefore, about 245 µl of ACN was added and mixture was subjected to vortex for 10 min followed by centrifugation for 10 min at 15000 rpm at 4°. About 200 µl of supernatant was collected and mixed with equal volume of 0.1% phosphoric acid (\~pH 3.0) and subjected to vortex for 3 min. About 20 µl of the buffered supernatant was injected into HPLC system.

Bioanalytical method validation: {#sec2-4}
--------------------------------

The developed HPLC conditions were validated as per USFDA guideline for bioanalytical method validation. To demonstrate the specificity of the method blank plasma from five different lots, spiked plasma samples and plasma samples spiked with frequently prescribed medication were analyzed. Selectivity was established by injecting six samples at the LLOQ level and each of the six blank plasma samples were tested for interference by comparing the mean peak response obtained by injecting blank plasma samples to mean peak response of LLOQ (0.1 µg/ml for ATOR and 0.05 µg/ml for AMLO). Representative chromatograms were generated to show that other components that could be present in the sample matrix are resolved from the selected analytes. Dilution integrity and carry over effect were also accessed to demonstrate specificity for the method.

Calibration curve: {#sec2-5}
------------------

The standard curve was determined on each day of the six day validation period; the slope, intercept and the correlation coefficient were determined. Each run consisted of a double control, system suitability sample, blank samples (a plasma sample processed without an IS), a zero sample (a plasma processed with IS), calibration curve consisting of twelve non-zero samples covering the total range (LLOQ to 10 µg/ml for AMLO and ATOR) and QC samples at three concentrations (*n*=6, at each concentration). Such runs were generated on six consecutive days. Calibration samples were analysed from low to high at the beginning of each run and other samples were distributed randomly through the run. For calculation of the standard curve plots of peak area ratios against concentration were used.

Sensitivity: {#sec2-6}
------------

The sensitivity (LLOQ) was determined by signal to noise ratio. The resolution solution were serially diluted and spiked to the rat plasma and injections were made to obtain chromatogram. Similarly, blank plasma samples were also processed and injected in to chromatograph. The LLOQ was expressed for the analyte concentration having response at least 5 times more compared to blank response.

Precision and accuracy: {#sec2-7}
-----------------------

Intraday precision, interday precision and the accuracy were calculated from data obtained during a 6-day validation. Three concentrations were chosen from the high medium and low range of the standard curve as quality control (QC) samples. Plasma samples spiked at five concentrations *i.e.* LLOQ, low QC, medium QC, high QC and ULOQ (*i.e.* LLOQ, 0.2, 1.0, 7.0 µg/ml and ULOQ for AMLO, and LLOQ, 0.3, 1.0, 7.0 µg/ml and ULOQ for ATOR) were analysed at each day of the 6-day validation (*n*= 6 at each concentration). Precision was expressed as the coefficient of variation (%CV). Accuracy was expressed as the mean relative error (%MRE). Precision and accuracy values (%CV) less than or equal to 15% for QC samples, whereas less than or equal to 20% for LLOQ and ULOQ, were acceptable.

Recovery: {#sec2-8}
---------

Recovery of AMLO and ATOR was evaluated by comparing the mean peak response (peak area ratio of AMLO and ATOR with respect to IS) of processed LLOQ, ULOQ and three QC samples to mean peak response of unprocessed/without plasma of the same concentration. Recoveries of actives and their respective IS were evaluated by comparing the mean peak areas of processed samples to mean peak areas of unprocessed reference solutions of the same concentration.

Stability studies: {#sec2-9}
------------------

The stability experiments were aimed at testing all possible conditions that the samples might experience after collecting and prior the analysis. The stability of the drug spiked at two QC levels (LQC and HQC) for short term bench top (at room temperature for 4, 8, 16 and 24 h), freeze thaw (3 cycles; -20° to room temperature) and long term (15, 30 and 45 days at -20°) were evaluated. Stability of all analytes in analytical solution was observed at room and temperature and in refrigerated conditions for period of 48 h.

*In vivo* plasma drug analysis: {#sec2-10}
-------------------------------

Two groups of male Sprague Dawley (SD) rats 8--10 weeks of age; were used for the study. Each group consisted of six animals. All animals were fasted for 18 h prior to the administration of the drug. Access to water was maintained during the experiment, but animals were fasted beginning the night before the experiment and through the 4 h of the experiments. A homogenous suspension of AMLO and ATOR was prepared in a vehicle comprising of 0.5% (w/v) carboxymethyl cellulose (CMC) in water and polyethylene glycol (PEG) 400 (90:10, v/v). First group of animals received vehicle as blank whereas, second group of animals received a single oral dose of 10 mg/kg each of AMLO and ATOR. About 0.2 ml of blood was withdrawn from the tail vein of a rat into heparinized Eppendorf^®^ tubes at various time points *viz.* 0.5 h to predose, at 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 10.0 and 12.0 h after dose administration. Blood samples were centrifuged at 15000 rpm for 10 min and plasma was separated, and stored at -20° until use. The samples were processed as per protein precipitation protocol. The study adheresto "Principles of Laboratory Animal Care" and is approved by the institutional animal ethics committee for the purpose of controland supervision of experiments on animals.

The pharmacokinetic parameters namely, maximum plasma concentration (C~max~), time point of maximum plasma concentration (T~max~), area under the plasma concentration-- time curve from 0 to the last measurable concentration (AUC~0−~*~t~*) and area under the plasma concentration--time curve from 0 to infinity (AUC~0−∞~) were estimated using non-compartmental analysis of pharmacokinetic add-in provided in Microsoft excel.

RESULTS AND DISCUSSION {#sec1-2}
======================

The primarily chromatographic experiments were set to elute selected analytes in biological fluid. The LOQ reported in earlier LC-MS/MS methods were in the range from picogram to tenth of nanogram, where tandem mass spectrometry cost and UV spectroscopy limits. The present HPLC-UV method claims to quantify low plasma concentrations of said analytes with sufficient accuracy and precision in pharmacokinetic samples. Therefore, the retention factor for first eluting antihypertensive drug was kept more than 5.0 (to avoid interference due to plasma protein\'s peaks) using the preselected LC-column. The UV spectra of the analytes were determined independently in the rage of 400-200 nm. [Fig. 2](#F2){ref-type="fig"} showing 240 nm as optimal wavelength for analysis for selected antihypertensive and antihyperlipidemic actives.

![Overlain UV spectrum.\
Overlain UV spectrum for amlodipine (▬) and atorvastatin (![](IJPhS-77-742-g002.jpg)) showing optimum UV absorbance for both drugs at 240 nm.](IJPhS-77-742-g003){#F2}

Both the drugs have shown optimum response at 240 nm, therefore this wavelength was selected as wavelength for working. The selected analytes were showing similar physiochemical properties (having log *P* value more than 3.5 for both). Therefore, an isocratic mode of elution was tried for greater chance of success in the context. The mobile phase consisted of two major components: Mobile phase A containing aqueous di basic phosphate buffer whose pH was adjusted to 3.0 and Mobile Phase B was acetonitrile (ACN) the ratio of 55:45.

With the aim of the optimization of concentration buffer agents (5-35 mM), the remaining three factors were kept constant *i.e.* mobile phase composition (buffer phase with pH 3.0 and ACN) in isocratic mode with flow rate of 1 ml/min. Observed chromatographic responses for concentrations of buffering agent were plotted against of capacity factor of each analyte. The peak~As10%~ was least for concentration of dibasic phosphate buffer in the range of 10-20 mM. The peak asymmetry factor was always more than 2.0 with increase in the pH of buffer phase. The effect of pH on peak asymmetry factor of all the selected analytes are shown in [fig. 3a](#F3){ref-type="fig"}. Looking at the importance of the different chromatographic parameters, buffer concentration in range of 10 to 20 mM of dibasic phosphate with pH in the range of 2.5 to 3.5 in isocratic mode with ACN was found to be optimum [fig. 3b](#F3){ref-type="fig"}.

![Effect of buffer on peak parameter.\
(a) Effect of buffer pH on peak asymmetry factor on AMLO (![](IJPhS-77-742-g004.jpg)) and ATOR (![](IJPhS-77-742-g005.jpg)) and (b) effect of dibasic buffer concentration on capacity factor on AMLO (![](IJPhS-77-742-g006.jpg)) and ATOR (![](IJPhS-77-742-g007.jpg)).](IJPhS-77-742-g008){#F3}

When the ratio of mobile phase was set to 50 parts for acetonitrile and 50 parts for buffer, the peak of AMLO eluted before 5 min, therefore, higher proportion of organic in mobile was not preferred (i.e. the peaks of rat plasma protein may interfere below 5.0 min). The peaks plasma protein might be merged or co-eluted with AMLO\'s peak. Therefore, capacity factor less than 5.0 was creating not acceptable HPLC conditions. The analytical HPLC methods reported to quantify the AMLO and ATOR simultaneously, were not applicable due to same reason. On setting higher proportion of buffer, retention time of ATOR increased (made method unnecessarily elongated) and the peak symmetry was also more than 2.0 (for both the actives). Mobile phase consisting of acetonitrile and phosphate buffer with pH in the range of 3.0-3.5, in isocratic elution pattern, was found most suitable for eluting selected combination drugs in single chromatographic run.

The selected stationary phase (Thermo beta-basic ODS column) has shown better repeatability with low back pressure because pore size of selected column was more (≈150 Å) as compare to routine analytical column (about 80-120Å). ACN was preferred as it has shown lesser UV cutoff response as compare to methanol. The results of system suitability studies in the final and optimized HPLC method are given in the [Table 1](#T1){ref-type="table"}.

###### 

SYSTEM SUITABILITY STUDIES FOR RESOLUTION SOLUTION

![](IJPhS-77-742-g009)

In the attempt for selection of internal standard (IS), CODN was made eluted in the optimized chromatographic HPLC conditions developed for AMLO and ATOR. The resolution between AMLO and last peak of plasma protein was 2.42. The resolution between CODN and ATOR was 4.11. A representative system suitability chromatogram is given in [fig. 4](#F4){ref-type="fig"}.

![System suitability chromatogram.\
System suitability chromatogram representing simultaneous elution of AMLO and ATOR with there is in optimized HPLC conditions.](IJPhS-77-742-g010){#F4}

The protein precipitation was the preferred choice of extraction of drugs from biological fluids because of the minimized steps in extraction and less cost involved in the extraction process. It provides maximum number of plasma protein interferences; hence, it may provide maximum chances to develop more robust HPLC method. The method was attempted using cold aq. solution of 10% TCA and ACN. Several trials were taken to minimize matrix effect with different combinations of precipitating agents. Recovery of AMLO, ATOR and its IS was less than 50% when precipitation of plasma protein was done with TCA alone, therefore, acetonitrile was taken as organic partner of TCA as precipitating agent. The pH of precipitating media was below 3.0 due to TCA, which helps to keep all analytes in unionized state. Chromatogram in [Fig. 5](#F5){ref-type="fig"} representing processed plasma spiked with sample overlain with blank plasma. At the end of precipitation supernatant was mixed with equal volume of 0.1% phosphoric acid (\~pH 3.0) of mobile phase to make the sample more compatible with the developed method and to reduce peak tailing. The % mean recoveries for all the analyte were ranging from 90-95% in the developed method.

![Chromatograms of blank and spiked samples.\
Chromatogram representing processed plasma spiked with AMLO and ATOR and their IS overlain with blank plasma.](IJPhS-77-742-g011){#F5}

The developed method was validated for its specificity, sensitivity, calibration range, recovery, precision and accuracy and stability as per bioanalytical method validation guidelines suggested by USFDA and EMEA.

The specificity of optimized bioanalytical HPLC method was evaluated by observing interference due to matrix and commonly prescribed medication in cardiovascular disease. While accessing specificity, interference due to blank was observed very close to AMLO peak with resolution less than 2.0. A small interference was also observed at the retention time of CODN. The peak area of interference due to matrix was less than 5% of concentration taken for CODN as Internal standards; therefore, no change was made in HPLC conditions. Concentrations down to the LLOQ were detected with acceptable accuracy and precision using this method (%CV \<15%). The mean background response of blank was found to be less than 20% of the response at the Limit of Quantification. The mean background was also calculated and found to be 13.9% (AMLO), 4.98% (CODN) and 12.6% (ATOR) in selected conditions. Aside that, mean background interferences at the retention of all internal standards (% background interference less than 5%) were also in limits. The method has been successful in determining the three drugs in concentrations as low as 0.1 µg/ml for ATOR, whereas 0.05 µg/ml for AMLO with acceptable precision and accuracy.

The standard curve was determined on each day of the 6-day validation, the slope, the intercept and the correlation coefficient was determined. The "goodness of fit" was applied for mean±SD for each analyte for its calibration range. Different weighing scheme i.e. 1/X and 1/X^2^ were applied to calculate the slope and intercept. The % bias in recovery calculation at LLOQ level was least (\<15%) for unweighted and weighted calibration curve when a weight of 1/X and 1/X^2^ was applied. By examining the calibration curves it was concluded that the relationship between area ratio and concentration was linear for unweighted calibration curve. The results of unweighted calibration curve and mean % relative error at LLOQ is tabulated in [Table 2](#T2){ref-type="table"}. Mean relative error was less than 15% for AMLO and ATOR under all weighing as well as unweighing schemes. Therefore, unweighing scheme was chosen to reduce the complexity of calculations.

###### 

COMPARISON OF RECOVERY ERRORS FOR DIFFERENT CALIBRATION CURVES

![](IJPhS-77-742-g012)

The values obtained, during the six-day validation period, for plasma intraday and interday precision and accuracy are summarized in [Table 3](#T3){ref-type="table"}. All values of accuracy and precision where within recommended limits. Intraday precision ranged from 1.04 to 7.75% whereas the interday precision was from 1.38 to 14.09%. The intraday mean error was from -1.98% to 9.5% whereas the interday mean relative error (%) was from -2.88−10.82%.

###### 

INTERDAY PRECISION AND ACCURACY DATA FOR ASSAYS

![](IJPhS-77-742-g013)

The extraction recovery was calculated at LLOQ, QC samples, ULOQ level (*n*=6). AMLO and ATOR have lowest recovery (\<50.35%) when 10% cold aqueous solution of TCA alone was used as precipitating agent. The recoveries of AMLO and ATOR ranged from 47.7 to 61.9% in TCA solution whereas, the recoveries were ranging from 59.85 to 81.26% in ACN at test concentration level (i.e.10 µg/ml). Comparatively higher recoveries (\>90.0%) were to be expected as high solubility of selected analytes in organic solvents. Addition of mobile phase in equal volume to the supernatant, made supernatant more compatible to the chroamtograph. Therefore, combination of TCA and ACN was taken as final precipitating media and data for mean % recovery in finally optimized protein precipitation method are given in [Table 4](#T4){ref-type="table"}.

###### 

PERCENTAGE OF MEAN RECOVERIES FOR ANALYTES IN FINALLY OPTIMIZED METHOD

![](IJPhS-77-742-g014)

Stock solution of AMLO, ATOR and IS were stable at room temperature for 24 h and at 2--8° for 48 h. AMLO and ATOR analytes in control rat plasma at room temperature were stable at least for 24 h and for minimum of three freeze and thaw cycles. Spiked plasma samples, stored at −20° for long term stability experiment, were stable for minimum of 45 days. Different stability experiments in plasma with values for precision and percent change are shown in [Table 5](#T5){ref-type="table"}.

###### 

STABILITY OF ANALYTES AT LOW QUALITY CONTROL AND HIGH QUALITY CONTROL LEVEL

![](IJPhS-77-742-g015)

The proposed HPLC method enables a rapid assay of the AMLO and ATOR in rat plasma in a single run. The method described above was applied to study pharmacokinetics in six SD rats after an oral administration of the mixture of AMLO and ATOR. The mean plasma concentration--time profiles of AMLO and ATOR after an oral administration are shown in fig. [6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}, respectively. The concentration--time data were analyzed by using non-compartmental analysis of pharmacokinetic add-in provided in Microsoft excel^®^.

![Pharmacokinetic profiles of analytes.\
Pharmacokinetic profiles of (a) amlodipine and (b) atorvastatin.](IJPhS-77-742-g016){#F6}

The maximum plasma concentration (C~max~) and the time to reach C~max~(T~max~) were obtained directly from the concentration--time data. Area under the plasma concentration--time curve (AUC) from time zero to the last samplingtime (AUC~0−τ~) was calculated by the trapezoidal rule. AUC~0−∞~ was estimated by the combination of AUC~0−τ~ and AUC~τ−∞~, where AUC~τ−∞~ was calculated by dividing the last plasma concentration value by the elimination rate constant. The pharmacokinetic parameters are shown in [Table 6](#T6){ref-type="table"}, which were indicating the applicability of this method to the pharmacokinetic study of AMLO and ATOR. Furthermore, the method was shown to be highly reproducible and can be considered valuable for rapid and reliable preclinical and pharmacokinetic studies of the ATOR and AMLO.

###### 

PHARMACOKINETIC STUDY RESULTS

![](IJPhS-77-742-g017)
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